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Abstract 
In this work, the design, fabrication and characterization of a pressure sensor based on a surface acoustic wave (SAW) two-port 
resonator is presented. The devise is built on a thick ST-Cut quartz substrate focusing low cost production for distributed sensors 
applications. The sensor is able to operate under extreme harsh conditions: high temperature (150o C) and high pressure (15000 
psi). Results show that, by using a 4 mm substrate, the sensor is able to support high pressure, with sensitivity of 14 Hz/psi. The 
sensor presents linear behavior and 1% resolution of full scale was obtained. 
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1. Introduction  
The use of resonant sensors for measuring pressure has been extensively applied and reported in the literature. It 
is common to use SAW delay-line or one-port resonator sensors on top of thin membranes to gauge pressures in the 
order of a few hundred psi [1]. However, when dealing with higher pressure and temperature levels (15000 psi, 150 
oC), the typical devices used are Bulk Acoustic Waves (BAW) resonators. These sensors have been successful 
 
 
* Felipe Lorenzo Della Lucia. Tel.: +55 19 3512 1168 
E-mail address: felipe.dellalucia@lnnano.cnpem.br 
© 2014 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
Peer-review under responsibility of the scientific committee of Eurosensors 2014
541 F. Della Lucia et al. /  Procedia Engineering  87 ( 2014 )  540 – 543 
especially because of their high resolution and accuracy and due to its robustness that allows them to operate under 
high pressure and temperature in oil and gas wells. These sensors use the piezoelectric principle and quartz is the 
preferred material because it has high elasticity, providing a repeatable mechanical behavior from cycle to cycle, free 
of hysteresis. 
The most recent trend of sensing in the oil exploration industry is distributing sensors in the wells, the so called 
smart wells. This demands the use of hundreds of sensors installed throughout the exploration area. The comercial 
BAW sensors require sophisticated manufacturing techniques resulting on expensive final products [2]. These 
sensors cost dozens of thousands of dollars each, raising significantly the overall cost of the monitoring projects. 
We propose a new approach of high pressure sensors using Surface Acoustic Wave (SAW) devices, which can be 
manufactured on a large scale using standard microfabrication processes. This process produces cost-effective 
sensors that may be used on distributed pressure sensing in smart wells. 
To achieve high sensitivity, SAW sensors are assembled as electronic oscillators using the SAW device as the 
frequency determinant element [3]. A small variation on the physical variables of the quartz substrate, such as 
acoustic velocity or distance between the electrodes, changes the phase delay of the feedback loop, changing the 
oscillation frequency of the circuit [4]. This change is related as a function of pressure to calibrate the sensor. The 
resonant frequency of SAW devices used on sensing applications usually lies within 30-300 MHz [3]. Our choice of 
two-port resonators is based on the lower insertion loss and high Q factor of these devices, which make the circuit 
oscillation frequency more stable, lower phase noise and higher phase slope than delay lines and one-port resonators 
[5]. 
The substrate material used to fabricate the sensor was quartz ST-cut. Each port of the two-port SAW resonator 
was designed with 50 interdigital electrodes, 8 μm wide and with 8 μm pitch, resulting on a 98 MHz resonant 
frequency. To produce the resonant cavity within the electrodes, 500 reflectors were placed beside the electrodes. 
150 nm Aluminum was used to manufacture the electrodes, contacts and reflectors.  
2. Fabrication 
The fabrication process is intended to be simple, in order to reduce the cost of the overall manufacturing process. 
Fig. 1 shows the fabrication steps. In order to remove any residues on the quartz surface, a cleaning procedure is 
performed with piranha solution (Fig. 1 (a)). It was applied AZ Electronic Materials 5214E photoresist at 2500 rpm 
for 40 seconds in the quartz substrate, resulting on a 1.8 μm thick layer. The soft bake was made for 5 minutes at 
118 oC as shown on Fig 1 (b). The next step was the mask exposure on a 300 nm wavelength mask Aligner for 20 
seconds. Development of the sensitized photoresist was performed with Celanese MIF 300 solution for 30 seconds 
(Fig 1 (c)). After the photoresist development, the samples are taken to a sputtering machine and a 150 nm 
aluminum film was sputtered to make the IDT and the device contacts. After Aluminum deposition, lift-off was 
performed by submerging the samples into acetone in order to remove the photoresist and metal is left on the desired 
areas (Fig. 1 (d)).The final device can be seen in Fig. 2. The device dimensions are 45 x 12 x 4 mm. 
 
 
Fig. 1.  Fabrication steps: (a) Wafer Cleaning, (b) Photoresist application, (c) Photolithography, (d) Aluminum Sputtering and Lift-off. 
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Fig. 2.  Final device after wafer cutting. The final dimensions are 45 x 12 x 4 mm. 
3. Results 
The sensor measurements can be divided in three steps: electrical measurements, pressure measurements and 
temperature measurements which will be described next.  
To measure the sensor response, it was used the Rodhe & Schwarz ZVL Vector Network Analyzer (VNA). This 
equipment sweeps the frequency (up to 3 GHz) of a signal that is applied in the input port of the SAW resonator and 
collects the output signal at the second port. The measurements are made in terms of S (scattering) parameters. The 
parameter of interest is the S21 (or S12) which represents the relationship between the input output signals. The peak 
value represents the SAW resonance point, which gives the resonant frequency (central frequency). The insertion 
loss at the resonant frequency is the amount of energy dissipated in the device due to decoupling between the 
electromagnetic and acoustic energy (related to substrate coupling coefficient) and losses of energy on the substrate. 
The resonant frequency obtained in the device was 98.43 MHz with -10.7 dB Insertion loss. 
To measure the influence of pressure in the resonance frequency, a special set-up was designed using a 
compression tests machine (EMIC DL30000) and a 30 kN load cell. In order to transmit the pressure from the 
machine to the sensor, a measurement capsule was designed and manufactured. This capsule is made in stainless 
steel with SMA terminals to connect it to the VNA. As force, and consequently pressure, increases over the sensor, 
the SAW resonant frequency also increases. Fig. 3 shows the shift in resonant frequency pressure is applied in the 
sensor. The resonant peak shifts from 98.434750 MHz to 98.492875 MHz as pressure is increased from 0 to 4150 
psi. 
The resonant frequency as a function of pressure is shown in Fig. 4 (a). It can be determined, by the curve slope, 
that the sensitivity is 14.8 Hz/psi. The sensor resolution, i.e., the minimum amount of pressure detected by the 
pressure, is 150 psi, 1% of full scale. Measurements were performed in different days and weeks, showing a 
standard deviation of less than 0.1%. For this reason the error bar is not visible in Fig. 4 (a). 
The effect of temperature on the sensor response is a very important parameter to quantify in order to use it as 
compensation and increase the pressure accuracy. For this test, the sensors were placed on a hot plate and their 
responses were measured with the Vector Network Analyzer from room temperature up to 150 oC. Fig. 4 (b) shows 
the frequency shift as a function of temperature. From the figure, it is possible to observe that at room temperature 
and up to 50 oC, the device is almost insensitive to temperature. From that point on, temperature starts to influence 
the resonant frequency (-805 Hz/oC). This variation is characteristic of the substrate quartz cut (ST-Cut) and is in 
agreement with other works published in the literature [6]. Despite of this cut is the most favorable to limit the 
temperature influence on the sensor behaviour, at higher temperatures, the temperature influence becomes 
significant and, as with commercial sensors, temperature compensation must be done to increase the sensor accuracy 
[7]. 
4. Conclusion 
This work presented an innovation on the oil and gas sensors area by using a two-port SAW resonator device as a 
sensing element, differently from the current industry sensors which use BAW sensors. This expands the 
possibilities of using different topologies and sensor´s configurations to this industry. The fabrication process is very 
simple and allows large scale manufacturing, reducing the cost of projects involving distributing sensors on oil 
wells.  
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Fig. 3.  Shift on resonant frequency due to the applied pressure over the sensor. Through this shift, it is possible to determine the sensor´s 
sensitivit
  
Fig. 4. (a) .  Resonant frequency as function of applied pressure. The slope of this curve represents the sensor´s sensitivity, which, in this case, is 
14.8 Hz/psi. (b) Frequency as a function of temperature. It was measured that for each Celsius degree in increment, the resonant frequency 
reduces by 805 Hz. 
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